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ABSTRACT 

An attempt to tiain concrete operational fitth-girade 
students (N=32) and seventh- grftde students (N-32) to perform at Ihe 
form'al operational le^fcl on tasks demanding the control of variables 
are reported. The training vas conducted in four individual sessions 
of approximately 30 minutes each. The training sessions vexre-rresigned 
to represent a synthesis of ideas concerning the mechanisms of * 
development put forth by Piaget* Ausiibel, Bruner, and C* Lavson. The 
training vas successful (E < •OOI) and specific transfer of the f 
trailed concept vas obtained for both samples. Pretest level of 
intellectual development vas significantly related to success. on 
ppsttest tasks of specific transfer (p < .10) « .On one pqsttest task 
designed to measure nonspecific transfer, the trained seventh-grade 
subjects scored significantly higher (p < ,05) than the control 
.subjects. The effectiveness of the training suggest^ lhat properly 
designed instruction, vhich is baseS on students 1 intuitive 
conceptual understanding at the concrete leyel, can raise this 
intuitive understanding to the level of a meaningful Verbal rule 
vhich then can^ be successfully applied in ^ variety of problem 
situations. (Authpr) 
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Flavell 2 describes Piaget T s stage of formal thought as: 

...not so much this or that specif ic behavior as.it is a 
generalized orientation » sometimes explicit and sometimes 
implicit, towards jsroblem-solving : an orientation towards 
organizing data (combinatorial analysis) , towards isolation 
and control of variables, towards the hypothetical, and * 
toVards logical justification and proof. (p. 211). + 

* . ' : ■ 

.Encouraging this type of orientation towards problem-solving is of utmost^ 
importance to educators. As stated by the Eduoatiofial Policies' Commission" 

*the central purpose of American education is the development of problem- 
solving processes calledrational powers.** The parallel between the ra- 
tional powers and the profrlem-solving processes utilized by formal thinkers 
is clear.*** ■ 

*\ 

One must not be misled to interpret Piaget's theory as implying that 
maturation of the nervous system is sufficient for the development of formal 
thought. If this were the case t'he job of our educational system jwould be 
small indeed* Rather, maturation only determines the totality of possibil- 
ities and impossibilities at a given st?ge. As Inhelder and Piaget** state: 
,"A ^rtlculsfr social environment remains indispensable for the realization 
of these possibilities. It follows that their realization can be accelerated 
or retarded as a function of cultural and educational conditions. 11 (p. 237). 
The finding, that formal thought is normally demonstrated by only about 50 
percent of the ^subjects^ in most adolescent and even adult samples which have 
been studied In this country, suggests a very real educational problem*** 10 

Little* is presently known about specific factors and how they interact 
to contribute to and affect the transition from concrete tq formal cognitive 
functioning, Piagetian theory itself only provides a general view* At be^t 
Piaget 's ^factors of neurological development, social transmission x experience 
with things, and internal cognitive reorganization (equilibration) are sug- 
gestive but not sufficient to provide sound intfuctional theory. How can 
'these factors be "Interrelated to facilitate formal or abstract tfiought? 
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*A£S0P (Advancing Education Through Science Oriented Programs) ia supported 
by*a grant from the National Science Foundation, 

**The rational powers are listed as the processes of: recalling and imagining, 
classifying and generalizing, comparing and evaluating, analyzing and syn- 
thesizing, and deducing pad inferring, r 

***For an in depth discussion of intellectual and mpral development as the 
aim of education* See: Kohlberg and Mayer. 3 % . 
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In a recent survey, Wollman^ observed that students as young as second 
graders have, at leasfc an intuitive notion of the formal idea of controlling 
variables. Piaget claims this idea is fully developed only during adolescence/ 
Ausubel suggests that it might be possible to utilize prior intuitive under- 
standing to facilitate learning ar^d stabilization of more formal (abstract) 
conceptualizations during adolescence. 12 In \&he same vein, Bruner and KenneJ 
aijgue that intellectual development begins with instrumental activity, a 
kind of ^.development by^doing. 1 They suggest that these actiuiti.es become 
represented and summarized by individuals in the f oifm of particular images. 
Further with the aid of symbolic notation that remains invariant -across 
tranofonndt ivns in imagery, the learner gradually becomes aware of the formal 
or abstract pro'pert les # of the things he is ,experiencing. These finding .and 
statements suggest, that it might be possible to design instructional sessions 
which will enable students who are in Piaget's stage w of concrete operations 
to functiQn at the formal operational level»with respect tto specific 
conc^pto. However, as Ausu&l states: "If stages of development have any 
true meaning, the answer to this question [can training enable children 
to acquire genuine appreciation of concepts whicfc are normally acquired 
orfly at advanced stages of development 9 ] can only be thkt although sore 
acceleration is possible it^is necessarily liruted'in extent/' 1 (p. 264). / 

Problem Statement 

• * 

Tms investigation ttlen, addressed^ itself to the f^olJLowing questions: 
(1) Can instructional procedures incorp&f&ting the above ideas be 9esigned % 
and employed to successfully affect the transition from concrete to formal 
cognitive functioning lnlfif-th* grade and seventh grade students with regard 
to one aspect of formal ^nought , i.e.', the ability to isolate and control 
variables^ k In addition to this question the following* related issues were 
addressed: (2) If training can enable- concrete students, to perform at a 1 
formal level on casks which were used in the training phase, will this 
training transfer to tasks alpo involving the control of variables but using 
novel materials 9 This is termed specific trans/er, 1 ** (3) If training can 
enable concrete^ students Xx> perform at a formal level dn tasks requiring the 
control 'of variables will this training transfer to fcasks involving different 
concepts bat ones which also involve formal thought (nonspecific traustexf: 
In lather words, If t\vc training was effective, was it limited to the specific 
c^utepts involved or^did it affect a morfc general shift from concrete to 
'.fori^al cognitive f unctiorfing 0 (4) What is the relationship between a student's 
levels of intellectual development ahd- his ability to profit frpm the training? - 



Method 



Su bjects * 



Thi*rty-tvo fifth grdde students and 32 seventh grade* students enrolled in 
an elementary school^and a junior •fcA&h school in Lafayette, tfilifonna" stry^d 
as subjects. 1 The fifth grade students (14 males'and 18 females) ranged in 
age f ronr 9 .5 yeats to 12,1 years, mean age = 10*5 years* $o IQ *iata was M 
available for the these- stucjents. The seventh grade students (16 malt's and- 
16 females)*rangea in age from 11.9 years to 13-6 years; mean age - 12.5 
years and ltd Ifj'bAthich ranged fiom 100-U5, mean In ^ 109- - Latayvttc is 
an upper-middle t]ra*>s suburban community in the San 'Francisco Bay Kr^ion- 
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Mail/ studies,, .-.uch as tho^e n^entioned previously / suggest tiwt tornal 
thought ofter dues not develop during the general age guidelines of . * 

years given by Piaget . It was , nevertheless , decided to work with students , 
slightly younger cr slightly older than the figure suggested as the age of 
onset of formal thought. If instructional procedures can successfully effe.cC 
a ^hift frocc concrete to formal operational' levels of thinking the ages of 
10 to 13 rcav be the ovt ittur^tinv for, such instruction, — / 

\ Lxpenirental Design and Procedure 

* ■■ 
"lhe fifth grade study * The experimental design employed in this investi- 
gation is referred to bv Campbell and Stanley * " as the pretest-pos, ttest 
control gfoup de^i^n* in erfect, two separate investigations were conducted, 
in the- ti&st c<;perirentr the 1 32 fifth grade students were randomly placed into 
two groups ojt 16 studtints each — an experimental group which re c£ we'd training 
concerning tjjf concept of controlling vanab les. and a control grosp which did 
not receive trailing, both groups of students were pretexted in individual , 
interviews with a battery of Piaget lan tasks (conservation of weight, con- 
servation of .volume, volume displacement and bending rodsj which allowed clas- 
sification of the subjects into early concrete-IIA , late c^ncrete-IIE , post- 
concrete ai-d early f orral-II IA ^levels of intellectual development, Iht ex- 
perirental group subjects taen participated in foUr session's of individual 
traimnM. bacn ^e^sion lasted-about 30 minutes. The ^cpntrol group 'subjects 
'"attended their regularly Scheduled classes during tins time. The training* 
session^, which will be desciiLbed in more detaii below, involved the presen- 
tation of ptcblens involving the determination of cause and effect relation- 
ship-?. The first session involved bouncing tennis balls, the se conroi ^ess ion 
involved bending rods materials used during the pretest^y the ^fed 3 £s=ion 
involved an apparatus called a "Whirly Bird" 16 and ti^e fourth^Ksion involved 
two bioiogv experiments presented. in a pencil and papgr format, 

Posttesting of all 3J subjects followed the training sessions and was 
conducted in two phases, Xhe £irst phase consisted of individual interviews- 
. conducted by two trained examiners who had no prior knowledge of v which 
subjects were nerrbers of the ejcpejrimental and control groups, k tcale 
examiner mttrviewed the male -.subjects and female e < jaminer interviewed m - 

*the female subjects.* Three Piaget iajn manipulative tasks (bending i;ods, J 
the pendulum, and the balartce beam r ) were administered. E^ch task 
allowed classification of subjects into concrete or formal operational 
levels of intellectual development.. Ihe*bending rods task was used to 
deterrine whether o(r not the'' trAffting was effective in facilitating the 
abfllt> to control variab les" with materials identical to those used during * 
the training. The pendulum task was, used to determine whether or not the , 
training wa> generalizab le to a problem also involving controlling variables 
but using novel materials (specific kransffer) . The balance beam task was? 
alsq used to determine the extent^ to whiqh the trainings encouraged formal • 
thinking* This task, however; did not involve controlling variables, rather 
it involved proportional reasoning. Piaget 'claizn£ that this reasoning 
ability develops conconit-ant ly with the ability to 'control valrfables, This 
t'^sk therefore could be considered as a tneasure*of nonspeci-f fc transfer of a 



*Resear< li such a^ that conducted by Brekke and Will iams 1 ? " fras -shown that maJe 
subjects perform betttr on Piagetian tasks when the examiner is^a^ale, like- 
wise feraale subjects pefforr- better ulien the exaroin&r~ is a fenale, ,i , 
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training. m In addition to the fnree Pia§etfan tasks students responded 
loral^ly to a written question* involving value .judgment adapted from Peel. 1 * 
Stesponses^wer-e tape r^torded and later classified into developmental 

categories. , * „ ' 

During the second phase of the posttesting all 32 subjects were grouped 
together and two "pencil and caper examinations were administered. Subjects 
responded to a spheres task 1 .involving the control of variables, a logac 
question .involving the 'logical fallacy known as af f irming*the consequent , and ' 
one combinatorial question, The3e problems ■ like the balance beam ~task and i 
the Peel question, were administ^c^l to determine the extent to which the 
trainang^encouraged 3 general shift from concrete to foriftal operational 
thinking rather than, a specific shift \imited to the^ Control iof variables. 
The ^phereb task, like the. pendulum task , tested for specific transfer of 
tte/t rained concept. It. was, however, an additional st;ep removed from thfe 
twining in that it did not involve the manipylatiori of materials, ' # 

The seventh grade study . The experimental design employed and procedures 
described abo^t, were repeated using the sample of seventh grade* students. The 
only changes made were oi\the posttests. It was decided to use a, shortened- 
version of the Longtfot examination > whioh incorporated problems of £lass 
logic, prepositional logft, proportional reasoning, and combinatorial^ re as on lrtg 
as the measure of nonspecific transfer of training. The, L§ngeiot examination 
has-been shown to be an effective instrument ijo measure general levels olT'c&n- 
crete and formal operational thought. i l * \ Z2 ■ ' > ^ 



Pretests * / 

■ . - t . • . 

Four Piagetian-styTed tasks were administered to experimental and control 
subjects in individual interviews, . All conservation quest/ions were asked in 
a cownterbalanced order. Since eajm task has been employed by previous inves- 
tigators, only brief descriptions of the tasks ajid materials used are included, 

* » » 

Conservation 0$ weight / J Two balls of clay of approximately 50 grams 
each were presented S. One ball was then transfprmed into a pancake skape 
and S was asked about the relative weights of the balls* 

Conservation of volume using clay * 23 The two balls of clay from the 
pr&vious task were used, 6 agreed that two beakers (400-inl) contained the. 
same amount of water and was aske^ about the relative amount of water dis- 
placed by the two pieces of clay* * ■ k • 

Disp lacemen t volume ♦ * * Two metal cylinders of equal volume but different 
weight (18-g and^55-g) were handed S. The equal height and thickness ^of 
the metal cylinders were pointed out. £ thfcn took the cylinders and lowered 
the lighter ^qne into one of two test tubes (30-ml) which were /p^rt ially - ' 
filled with equal amounts of water. x The rise in water level was noted and * 
S was ask^d to predict the rise in water level when the heavier cylinder 
was lqfwered into the other test tube. 
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bubjectb were classifed into deve lopmental levels as follows: 

Concrete-I IjA T* Nonconservation responses on all three tasks. 

Concrete-I IB. Conservation of weight and nohcopservation of 

^ v u volume and volume displacement. 

Post^ecncrete . Conservation of weight and conservation of 'volume 

. , , or volume displace'toent. 

Formal-jl IA. Conservation responses on all three tasks. ^ 

TUe benJii.^ ruds tasi^ will be, described * in tne section on posttestmg, 
below. * ' ' > 



' Training 

• ' • V 

Each subject (S) in the experimental .groups met with an experimenter 
(L) for four 30-minute individual training sessions. The sessions were 
conducted os/er a period of approximately two weeks and took place in as 
reasonably quiet and private places as the sdvools could furnish. During 
tRe sessions 3 and L were seated at a table with the instructioral materials 
^xn front of jtshem. * 

' , Session I . The first session began by giving S a brief introduction to k 
the intent and format of the training. S was told that a number of dif- * 
ferent kirids of materials would be used to try to teach t\im hov \£o perform 
"fa%r tesVs." This coupled with the initial use of this term in the con- 
text of bouncing tennis balls was done to ^provide Sjwlth an intuitive feel 
for what the srainmg was all about, in a, seAse to provide S with 3 "ball 
park" in **nich to work. In psychological ter ribs- it amounts to the "whole" 
which wlll # later b&come differentiated (see, Ladapn^ s ) . The materials 
used in this, session were materials very familiar to children; three tennis 
trails (two wtuLh wece^ relatively bouncy and one which was considerably less 
bouncy) two square pieces, of cardboard, two square pieces, of foam rubber 
and i table. S w^s told tf>^t the first problem was to find out vhiciKfcf the 
tennis balls was the bouocies^. To do -this S would instruct E in how*r£ 
perform Jthe experiment and E would carry out S f s instructions'. Although 
1 each session ^/antd scfraewhat , in general S would be*gln by telllQg E to take 
two Jball^ Oiid drop them to see which bounced higher (height of bounce -then * 
became the dependent friable). E would then* drop the two balls but drop\ 
them fcrom different heigfits (an uncontrolled experiment) . 3 would then re\pond 
byUsayin^g: '"That i,sn't fair. Drop them "from the same* height." On the neAt 
triaWhe height wouid ibe equalized, however, one ball would be dropped so 
that it hit the table £qp while the other ball hit the floor (again an un- . 
A tontrollcd exge rJ^meoD9 * This procedure was followed by continually trying 
to intervene with new ancont^olled variables (spin one ball, push one ball, 
, let bne ball hit cardboard. ot foam rubber). S f s were/then told that a test 
was called a "fa^r test" if all the things (variables A that toight make a 
• difference were the Same*fcin both balls (except, of coiirse, for tHe difference 
in the balls themselves,). Each time a test was made J^n w^lch these^ variables A 
wete not the s are ^ was called an "unfair test*" Following Introduction of 
tttose more^general statements and^terms, several additional examples were 
given and' taiked through. * ' 



The overall intent of this first session was to stprt with an undif- ■ 
ferentiated whole (as suggested by Lawson 25 ), capitalize on the subject's 
intuitive understanding (as suggested by Ausubel ) , provide numerous 
particular images (as suggested by Bruner and Kenney ) , provide contra- 
dictions (as suggested by Piaget ) and provide symbolic notation (the * 
phrases" "fair" aad "unfair^ tests") which remained invariant across changes 
in image ry-^provoded by the materials used in the subsequent sessions — 
(also suggested by Brunner and Kenney, and by Lawson, Blake, and Nordland 2 "*) 

Session 2 » The second session began by reminding Ss of the intent of - 
.the tta^ning and by pointing out the new materials* The materials were 
those used for the bending rods task administered during the pre;- and post- 
testing. Six^m^tal rods of varying size, shape, and material were placed 
on the table and' S was asked to classify them in as many ways as possible, 
l^his was done to determine Ss ability to f orfc^ the classes of size, shape,, 
and material and to insure that these differences in the rods were noted. 
The rods were then placed into ar stationary b^qck of wood and all the 
factors (variables) which might affect the amount of bending of the rods 
(the dependent* variable) y^ere, discussed. S was then asked to perform' 
"fair tests" to find out if the variables of length, thickness, shape, 
and material of the rods, as well 1 as the amount of .weight hung, on the 
end of the rods affects the amount the rods will bend. Whenever S per- 
formed a test he was asked: Is this a fair test? Why is it a fair test? 
"Can you be^sure that this rod bends more than that one are only because 
it is thinner. Is thejre any other reason (an untontrolled variable) why 
it might be bending more? These questions and others were used to focus 
Ss attention "on all the relevant variables and recognize unambiguous 
and ambiguous experiments in an attempt to lead than to un4erstand the 
necessity for keeping "all factors tb^same" except .the ope being tested 
to determine causal relationships. A"\iutnber*of examples ax\d counter- 
examples we ire discussed at length. The concepts involved in this session 
were identical to that of the first, the material (the context) however, 
was different . 

Session 3 . At the outset of the thitd session Ss were asked to 
experiment with an apparatus calfed a Whirly $ird. 16 Ine Whirly Bird 
consists of a base which holds a post. An arm is attached to end of the 
post. When pushed or propelled by a wound rubber band, the arm*UiJLl spin 
around like the r&tor on a helicopter. Metal weights can be placed at, 
various positions along the arm. Ss were briefly shown how the Whirly 
Bird worked and were given the t^sk of finding out all the things (variables 
which they thought might make a difference in the number of tiroes the arm 
would spin before it came to rest (the dependent Variable). Possible vari- 
ables included the number of times th'e rubber band wai^itound, the number 
of rubber bands ^ the number of weights placed on the /4rpt, the position of 
t$e weights, how tight the arm and post were f asteneiotogether , the angle 
of the base, €tc. Following Ss exploration with thjf apparatus they were 
asked to perform "fair^ tests" to prove 1 that the, independent variables men- 
tioned actually did make a difference in the numbeV of times ttte arm would 
spin* Again whenever a test was performed Ss were asked questions such as 4 
these: Is this a fpir test? Why t La it a fair test? r Does it prov^ that 
it makes a difference? Why else might the am spin mofe times? (i.e., were 
all other independent variables held constant?). . -v » 
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lhe general intent of this session was similar that of the -second 
session and the fourth and final session. The concepts underlying the 
questions and materials were identical in all sessions* The symbolic notation 
* (tht> JLanguage usedj remained invariant', while transformations in imagery were 
gained by using materials extending from the fatailiar to the unfamiliar* 
Ss were gi^eh a variety of concrete experiences so they could learn b> doing 
and at each opportunity they were challenged to transform that doing into 
language. 



Se^biQn 4 . In this session the ?^se of concrete materials as the source 
of activity and discussion was repla<fbd by the use of written problems. 
Problems po^ed only in a written fas\iJ&n we re b considered to represent an 
additional step away froruthe concrete and towards the abstract or formal 
level. Probing questions relative to*Ss understanding of the -written situa- 
tion^ were asked as was done in the, previous sessions* In a sense learning 
by doing was replaced by learning by** discussion (language alone). The 
following two written problems were presented and discussed at length, 

written problem 1 . 

^- • \ 

j Fifty pieces of various parts of plants were placed in each of five pealed 
jars of equal size un'der different conditions of color of light and temperature. 
At the a tart of the .experiment each jar contained 250 units of carbon dioxide. 
The a&ount of carbon dioxide in each Jar at the end of the -experiment is 
shovn w the table* 

Which tvcj jars would you select to make a fair comparison to find out 
if temperature makes a difference in the amount of carbon dioxide used? 



Jar 


Plant Type « 


Plant Part 


• 

Color of Light 
* •«» 


Temp . 

rc> 


co 2 


1. 


Willow 


— ^ ' 

Leaf 


^Blue 


io - 


200' 










2 . 


Maple 


Leaf 


Purple 


23 


50 


) i. 


Willow 


Root 


Red 


ie 


300 


4.- 


Maple 


Stem 


Red 1 


' 23 


400 


5. 


Willov 


\ Leaf 


Blue 


23 


150 
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Written problem 2-. < 



An^experimenter wantedvto test the response of mealworms Co light and 
moisture. Tq do^h^s-lie set up four boxes as ^hown in tha diagram below. 
He used lamps tor light sources and watered. .pieces' of paper in the boxes 
for moisture. In the center of each box he placed 20 i$ealworms. One day 
later he returned to count the number of mealworms that had cradled to the 



different ends of the boxes. 



'♦JO 



mealworrast 



</-:< 


# 


• 


dry 


wet 










r is \ 






dry 


dry 


• 


i 

show 


that igealworms ] 





vet 



wet 



away jfrom) to: 

A. JLight but not moisture ' 

B. moisture but not light 

C. both-light and moisture 

D. neither Hght nor moisture 



Postests 

The following tasks were individually administered to Ss in phase one 
of the posttesting. ^ 

Bending rods /, This task tested S f s ability to identify and control 
variables. Given*six flexible metal rods of varying ^ength, diameter, shape, 
and materials which wefre fastened to a stationary block of 'wood, S was asked 
to identify variables and demonstraTe proof of the affect of each variable 
on th^ amount of bending of the rods. 

The pendulum / The pendulum task tested Ss. 'ability to control and 
exclude irrelevant variables using a simple pendulum. First E pointed 
out -the independent and dependent variables/ S W3s^then given the 
problem of determining what variables affect the period. Since the only 
causal variable was length of the string, the variables of bob, angle of 
drop, and force or push must b<* excluded. This demonstration required 
understanding of concept r, all other things -being equal" — the trained concept. 
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The balance beam ." Using a balance beam and hanging weights, this tas>k 
tested Ss ability to balance various combinations of weights ^t various 
locations along the beam, e.g. r given <| 10 unit weight 5 units of length . 
from the ♦fulcrum, S was asked to predict the proper location of a 5 unit 
weight to achieve^a balance. Successful completion of this task implied 
understanding of inverse proportionality, 

* Piagetian level of performance on .these three tasks was assessed on 
the basis of the quality of S's verbal responses and their ability to exhibit 
the appropriate behavior. .Performances were categorized into the following 
levels.* 

Piagetian Level Points 

• „ 

Preoperational ' 1 

Barly concrete operationa!>-IIA * 2 

'Middle concrete operational 3 

Fully concrete operational-IIB 4 

Post-concrete operational ' 6 * 

Early formal operationa-IIIA , 6 

' Middle formal operational . 7 9 

Fully formal operational-IIIB ' 8 

* * 

. The Peel question , 18 A paragraph and question written by Peel which 
involved the floods of Florence, Italywas modified to fcead as follows: 

\ 

All countries have art museums and Mes^co is very rich "in" art * 
treasures. Many people travel to MexicoYjust to see these old 
pafntings- and statues. 1 Floods in Mexico recently damaged many 
of these great works of art. Old paintings are rare, valuable 
and beautiful ancf should be kept in a safe* place. 

Questions Are the people of Mexic^ to blame tor thte damage to 
the paintings and art treasures? 

Responses were tape recorded and classified into one of the following 

categories: 
■ 

"1* Restricted-- one point . , 

• Irrelevancy, tautology and inconsistancy may dominate. S may 

deny premises or other conditions of the. problem* - _ 

2. Circumstantial — two points. 

Thinking is dominated by the content of the material. S is 
unable to look outside it. 

« * 

3* Imaginative— three points. 

The subject realizes that-^ie has to go\beyon4 the content of the 
passage to evoke possible hypothesis from his own experience — 
extenuating possibilities are evoked. 



*For a more detailed explanation of the scoring procedures used for this 
task as well as for the pendulum and the balance beam tasks see Lawson, 
Nordland, and DeVito:?* * + * 
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The following measure? were administered as group tests during the ^cond 
phas.e of the posttesting. 

The spheres task - 11 The spheres task consisted of t,hree written questions 
requiring understanding of the necessity far the control of variables in the 
cqntext of rolling spheres ^lovn inclined planes* The independent variables 
were the position on the inclined plane from which the spheres were released, 
the weight of the spheres, and the -weight of target spheres which were posi- 
tioned jit the base of the inclined plane. The dependent variable was phe 
distance traveled by the target sphere 'after it, was hi't; by the rolling sphere. 

Questions* required 5s to select the proper release positions, weight of 

rolling spheres > and weight of target spheres to determine the .affect <}f each 

variable on the distance the target sphere would travel. All selections were 

followed by .written explanations. " Responses on qach of the thr£e questions 

were classified into the following four categories, 
t 

1. Incorrect selection, or a correct selection but. irrel^vent " * 
explanation •—one point. 

2. Correct selection followed by a simple description of what would 
occur when 'the experiment was performed. — two points, 

3. Correct selection followed by an explanation stating that the 
selection was made to insure that the test be fair. — three points, 

« 

A. "Correct selection followed by an explanation stating that i£ the * 

cotnparisop was not made in this fashion then it would not be fair, 

therefore an unambiguous solution would not be obtained. — four points." 
■ — i 

The Longeot examination . 19 * 20 v The original Longeot examination , is a 
subject matter f ree ^examination , consisting of 28 problems requiring either 
concrete, transitional, or formal .operational thinking fur successful solution. 
Since the time available did not allow administration of all 28 problems, a 
shortened versicjPsof the examination consisting of eight problems was admin-, f 
istered. " Two problems involving each of £he following reasonihg processes vtn 
selected: class inclusion operations, proportional reasoning, proposit icnal 
logic, and combinatorial Analysis* The examination required approximate^ 20 
mintues for completion. Total scores wete obtained for each 3* Also, follo\ 
ing procedures adopted by Longeot, Ss were categorized into concrete 'operatiunal- 
11A, concrete operational-llB, post-concrete' operational, formal operational-IIIA 
and forma} operational-HIB levels of intellectual development . * 

Combinatorial question . One question involving combinatorial analysis wab 
given ta the Sample of fifth grade Ss. The question read as follows: 

The Rapid",Rover Bicycle Club has license plates for its members. On 
each "^icerase" plate is a combination of letters. How many different 
license plates can you make up jusing only t&ree letters A, B, and £, 
and not using a letter more than once in the same license plate? 

One, point was awarded loz each original license plate- J^as able to gene rat* . 



^Details of tfre examination and the scoring procedures' can be obtained from 
the authors. 

• • .11 
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I^ogic question , The question Involving propositionil logic wh^h was 
presented to theg£ifth grade sample was: i ^ *■ * . * % ' 

When big dogs baric the mailman runs. 

You see the mailmarv running. ' * m ^ v % . 

Did a big dog bark? „ f ■ * . 

, o - - Is? - 

Subjects were instructed to answer "yes" or "no" and justify their answer. * 
A "yes" answer constitutes committing ^the logical fallacy known as affirming 
the consequent/ One point was awarded for a .correct answer arid zeto points/* 
were awarded for an inoorrect answer. . > 



Results w * 

Pretest .to JE<Jst test Gains in Intellectual Level 

Table 1 shows the mean pretest and posttest levels of intellectual 
development for both the fifth and seventh grade samples as measured by 
the bending rods fask* The fifth grade experimental group showed a gain 
in level from 3.93 (slightly less than fully concrete operational-IIB) to 
1.06 (between early formal-IIIA and full iormal operational-IIIB) . The, 
Mann-Whitney u test 2 * was used to test for significant differences in 
pre to posttest performance* The calculated Mann-Whitney u value of 3*5 
for experimental group's gain was highly significant (p<.0dl) . The fifth 
grade control group's slight gain from 4r.00 to 4.42 was not significant 
(u*«' .92, p;>.10). The seventh grade experimental group showed a gain in 
leve;L from. 4. 50* to 7.37/ This gain was highly significant (p - 10.5, p<.001) 
The seventh grade control group's gain-from 4.75 to 5.43 was not signficiant 
*(U = 94, p>.10) • 

' • .TABLE l t * 7" 

'MEAN PRETEST AND POSTTEST LEVELS QF INTELLECTUAL 
DEVELOPMENT AS MEASURED BY THE' BENDltfG RODS TASK 



Gfoup *■ - Pretest ' Po's^test 



Fifths Grade 



Experimental * 3.93 , , "*7.06 

Octroi * . * 4.00 4.42 

Mean * 3.9§ . ' * 5.75 

Se^hth Grade 

Experimental' , - 4.50 * 7 . 37 

Control , -4.75 - 5.43 

Mean . 4.62 6.41 



Experimental and Control .Group Posttest Comparison — Fifth 'grade , % 

- y . I . , * ^ ■ ' 

Means_ and standard deviations, for 'the tVainefc task, (bending rods)., 
K the specific transfer tasks 'involving tKe concept of Controlling variables 

(pendulum^task , spheres task) , and the nonspecific transfer tasjcs ol !• 
I ^general intellectual- level ('balance beam task, Pee.1 question, combinatorial^ 
qiiestion) iof the fifth grade. .experimental and control groups are shown* 
in Table 2. Trte Mann-Whitney u test^was used to test for Significant 
dif flerences *in the experimental and control group performance. The table' 
. values show that the experimental group performed significantly better * 
fhan the control* group on the bending, rods . tSflk (p<.001) , on the pendulum- . 
m task (p<,10), and on the spheres task 1(p<.J^ However, on Che remaining 
measures, group difference's did not* 'rgfCh significance (p>.10). 

.TABLE 2" ' 
MEANS, STANDARD DEVIATIONS AND MANN -WHITNEY U VALUES. * ' 

FOR EXPE Rf MENTAL AJJD CONTROL GROUP POSJTEST MEASURES— 

' FIFTH GRADE 'SAMPLE * . - ' 




Postte$£< Measure 



Experimental 
M • ' « SD 



Control - 



M 



Trained Task 



ding Rods 



Specific Tran sfer Tasks 

Penduiun V 
Spheres ' < - 



Nonspecific Transfer Tasks 



7.06 



5.38 
4.75 



• 9 \' 



2.13 
2.77 



4.43 1.Q2 



.4.14 
3.00 



.95' 
•1:18 



**10.5 

*83.5 
*78 ' 
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Balance B^4m 
.Peel 

Combinatorial. 



4.6-3 
2.00 
5/74 * 



1.15 
.37 
.45' 



4.14 
2.00 
5.29 



.54 
.39 
1.07 



*p<M0; **p<.001. 



89 
105.5 
88 



Exper>taental and Control Group Po&ttest Comparison— Seventh Grade 



. 4 

J 



fleans and standard deviations for the six posttest measures for the 
seventh grade experimental and control groups &e shown in Table 3. 
Inspection of the table shows that the experimental group performed 
?i|nif icantly better than the control group on the bending roefs task 
^(p^.OOl) and on the specific transfer tasks— the pendUlum task (<.001)- 
and the *pti<!refc task (p^\01.) . The experimental group, also performed 
significantly better on one measure of nonspecific transfer — the Longeot 
examination (p^.05) . However, 6n the balance beam task 'and on the Peel . 
question group differences failed td reach significance (p»,10). r 
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TABLE, 3. "» 

MEANS, STANDARD DEVIATIONS AND MANN-WHITNEY U VALUES 
, FOR E-XPERIMENTAL AND CONTROL GROUP POSTTEST MEASURES — 
- SEVENTH GRADE SAMPLE ' 



ft 

* " T 


i 

Experimental ' 


Control 


; V * 


Posttest Measure 


* 

* 


< SD 


M 


SD 




Train'eti'Task 

✓ 


t 

« 


i 


a 






Bending Rods J / * 


7 37 


i\ 




1 50 


)t**24 


f Pendulum f 
Spheres 
i 


7.56 
6.88 


/ 

.73 ' 
2.78 _ 


5.13 
3'. 94 


1.54* « 
2.02 


***20 
" **53 


Nonspecific TraivSfer Tasks 


• 




« » 






- ; • 

Baljtoce.vBeam V 

vJf? ' ) ' . . 

Longeot 


'.,4.63 
2.31 
4.13 


*1.15 
.60 
1.45 


4.63 
2.38 
3.44 


,96 
.72 
1.36 * 


121 
181 
.' *69 



*p'.05; **p<^01* ***p<.001. 



Comparison oV Pretest Level o£ Intellectaal Development and Posttest 
Perf orffiance"Cfrrnbin£d Experimental Groups 

Table 4 shows a comparison of S*s' l^vel of intellectual development 
as determined by performance on three pretest tasfcs with their perfor- 
mance on the posttest measures. The 32 experimental group Ss from the 
fifth and seventh grade samples were judged to be at either the* Concrete- 
1IA, *concr<ite-II&, post-concrete , or formal-IIIA level of irfteTilectual 
development on the ba^s <af combined responses on the^ conservation of weight, 
conservation of volJJftfcaad volume displacement tasks. The number of Ss 
which, v£re categor^l?RSSHo each level is shown in the table as is the mean 
posttest score for^SactRgroup on each posttest measuce. F-ratios and 
♦their associated* probability values are also shown. ?or the trained task 
(bending rods)* the more " f orpal subjects (post-concret^ and formal-IIIA) 
demonstrated slightly higher posttest scores (6.85 for the eoncrete-IIA 
Ss tc^7.60 4 for the formal-IIIA* Ss) . The group differences, however, were 
not significant (F3 2ft = *92» p = .45). Mean scores for the specific 
transfer tasks (pendulum and sp,heres)*were also slightly higher for the more 
formal Ss.* The obtained F-ratlos and probability levels for the mean dif- 
ferences for the pendulum and spheres tasks were Fj 25 " 2.59; p = .07 and 
Fj oft ^ 2.69; p * .06 respectively. Significant group difference were found 
on'tne Longeot examination (F^ ^ " 3,79; p<.05) but not on the balance beam 
^task and Peel question (p > -10 for both measures). 



x , TABLE 4 

COMPARISON OF PRETEST LEVEL OF INTELLECTUAL DEVELOPMENT 

WITH MEAN SCORES ON POSTTEST MEASURES FOR COMBINED 
i 

FIFTy AND SEVENTH GRADE EXPERIMENTAL GROUPS 











* 










Pretest 


Level of 


Jntellectual Development 






- Posttest Measure 


* Coocrete-JIA 
' 4 7) 


Concrete-! 
.'(n*- 11) 


IB 


Post-concrete 
(n = 9) 


Formal-IIlA 
(n = 5) 


F^ratio - 


P*ob . 


• 

Trained Task 
Bending Rods 


6.-85 


/ 

7.09 


\ 


7.44* 


• 

7.60 \ •' 


- 

.92 


■ 


Specific Transfer 






r 








Pendulum 
Spheres 


5.00 

" to 

v^.oo 


6>72 

5.27 

t 


6".56, 

* 


'1.80 
,8.20 ' 


2 59 
2.69 


07 
' .06 


Nonspecific Transfer 










~~ 1 


\ 




ftalance "-Beam — ~~ 


4.00 " 


4.54 " ' 




'5.11 


4.80, 


1.38 


.27 


. +■ 

Peel 


2.14 


2718 




* , 2.00 


,2.40 


.64 


.60 


Longeot 


2.0*0 
*(n & 2) 


3.83 
(n <« 6) 




4.33" 
«(n = 3). 


5 .20 


' 3.79" 


.04 

/ 


r * t 




1 








A 





*Since the Longeot examination w\s ryit administered 4 to both* samples , s the number of subjects in the t first 
three levels vas reduced , ' 
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^ Discussion 

The answer, tOr^he" first question posed at, the out set , of this investi- 
gation is yes. Instruction incorporating the 'described procedures can ' 
affect the transit Told from concrete to formal cognitive' functioning in 
these fifth and seventh "grade students with re'spect to the ability to' 
' control variables. The results in Table 1 indicated both fifth and seventh 
&xade experietntal group Ss performed at the ford&l level on the posttests. 
Sot ,supr;singly the seventh .grade Ss performed at a slightly more formal 
level thdn the fifth grade Ss. "^he finding that the experimental groups 
also performed significantly better than -control groups on the specific 
transfer tasks (the pendulum task and the spheres 'tasks) indicates that 
the training was generalizable to tasks involving novel materials (see 
Tables 2 and 3j , The anstfer to the second question therefore is also,ves. 

On tasks designed to measure nonspecific transfer of training (i.e., 
t^sks involving concepts other than the trained concept but still involving- 
cdncrete and formal reasoning^ differences between the fifth grade experi- 
mental and control groups were not significant (p^»10). This indicates ■ 
that, although the trailing wa's effective in promoting formal though* v-ith 
regard to onti aspect of formal reasoning, it was limited in extent. This- * x 
is precisely the result predicted by Ausubel. In an extensive review of 
studies attempting' to train conservation reasoning Bramerd and Allen ^ - 
found a s£jai\ar result* They reported that "In short, those studies that 
looked for specific transfer/of induced fir^t-order conservations, without 
Exception, have foupd it/'* (p. 137), Conversely, in several studies which 
looked for nonspecific transfer- of induced conservation, none was*found. 
These' results were taken to be supportive of Piaget f .s position with regard * 
to the existence of genejjjl levels of .development * In light of these findings, 
the fact th&t the seventh grade experimental group performed at a significantly 
(p%05> more formal level on one measure of nonspecific transfer (the Longeot 
examination) seems indeed surprising. Did the training facilitate a general 
shift in the experimental group's ability to reason formally? At first glance 
it appears jthat this may be the dase since the Longeot examination has been 
shown to be a valid measure of concrete and formal reasoning &b"ilities. 4 1 >_ 2 * 
An alternative explanation however, can be advanced. That is, the difference 
is not due to the fact that the experimental group performed more formally 
because of a general advance in reasoning but that the control' group performed 
be Tow their capabilities. Possibly a personal rapport established during tht 
training, sessions among the examiners and the experimental subjects did not 
develop with the Control group subjects,. For this reason thfe control group 
simply did not try as hard as the experimental group did on the written ex- 
amination. 4 The likelihood of tfciis ^occurring on the Longeot examiantion was 
great because it, unlike the interview tasks, did not involve personal con- 
tact with, the examiners* Which of these interpretations is correct we can- 
not say. ^Indeed other ' factors may be operating. However, on the average 
the control group did,.perform at a Somewhat more concrete level on the 
Longeot examination than they $iid on the bending rods, pendulum, and balance 
beam tasks. 

* *^ f 

~*fc^ta on Table A can be used to answer the fourth question addressed by 

this investigation. What is the relationship between a student's level uf > 

Intellectual 'development and his ability to profit froto the training* 

The data indicate that the more formal subjects (those in the post-concrete 

and formarl-IHA levels) were, somewhat more receptive to training than the 



more concrete subjects Ithose in the coiicrett-UA and ^n-ret^-l 1& le\>tls)<. 
Nevertheless the concxete-lIA and concrcte-IIB subjects did perform at the 
formal level on the bending rods posttest task (recall a score of b^was 
equivalent to the formal- lllA level and a score 'of 8 was equivalent to the 
formal-lllB l^vel)* This finding is somewhat contrary to the #iagetian . - 
position that «t raining can ,be effective only for persons ii) a ^transition * 
period* The fact that specific transfer of training (a better indication 
of actual comprehension of the trained concept) was significantly related 
(p*.10),to pretest level of intellectual development is a result more closely 
aligned with the Piagetian position, ¥ 

/ Jrtiat then can be said about the transition from concrete to fornlal 
operational thought in light of these experimental results and our 'Con- , 
versations with children? It appears to us that formal operations develop 
initially as intuitions during the tjjncrete stage, perhaps as early a6 . 4 
six to seven years of £ge\ At the onset of this investigation Virtually 4 
all the experimental subjects insisted that to determine which tennis 

P ball was the.bouncier the b^lls mist be dropped from the same height; and 
hit the same surface on the floor. In each instance Ss demonstrated an- 
mtuitive feeling that the tests were Vrtot fair" and would respond by 
saying: drop them from the sarpe height, make them both hit the-tloor, 
don't spin one-, jt t c . After tfie comparisons with the tennis ball*? were 
made they wereable to accept or reject* them as\fair or unfair but .they 
were unable to state a general rule or procedure for performing fair tests 
prior .o the test itself' (i.e. , to perfora a fair "test keep all the factors' 
equal except that which you are testing), tfot even the most articulate S's 
w^je able to spontaneously respond by telling E to have "every thing the 
same" for both balls. Even when they were asked to summarize - their instruct 
tions witnout mentioning, specific factors they were intially at a lose for 
words. Apparently they had -a feeling for eveness, fairness, and symmetry 

'but not ,a general rule' to act as a guide for behavior — i*e., they lacked the 
ability to use language t9 structure their thinking- This phenonmenon 
appears very much akin to the experience we all have had when we "know" 
sometning is true but just cannot seem to find the words to'explain it. 
Our belief is" 'that the extension *ot this intuitive understanding to the 
point wh^re th^s intuition can be expressed clearly through the use of * 
language and applied successfully to solve problems constitutes the 
acquisition of formal thought. This process which enables persons to 
overcome the pull of t£?e perceptual field (they are no longer "object 
boand") we believe is the fundamental process in intellectual growth. 
For intuitions to manifest themselves in the form of useful linguistic, 
rules (formal operations^ we presdmed (and the experimental results 
supported; that children need (1) a variety of* concrete experience in- 
volving a conceptualization and instrumental activities and (2) a useful 
symbolic notation which remains invariant across transformations in 
inage§ — in thi£ instance the symbolic notation was language, the key words 

-being "fair test" and "unfair test 1 *; This, of course, is essentially / 
the pbsitJion taken by Bruner and Kenney 13 cited above* It incorporates ' 
key points suggested by Raven j0 as well- Raven, in designing 'instruct ional' 
strategy to facilitate the* acquisition of logical operations suggests / 
three necessary f actors : (1) the task organization must correspond to / 
the child's levels of reasoning, (2) the instructional strategy must 
incorporate the active Engagement 6f the student in usin'fc his logical / 
operation^ in the construction of* rules and concepts, and (3) concrete f 
referents must, whene^r possible, be provided. 
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The position taken by Elkmd 31 that instruction m controlled experl- 
oerrtatlon should generally not be introduced until adolescence seems * j 

unfortunate. Rather what seems called for is a very gradual introduction j 
and continued relntroductlon of lessons involving concrete materials 
and activities which enable students to make comparisons and to make ] 
judgments on the basis of their comparisons* The "elementary school science v 
program recently developed by the Science Curriculum Improvement Study * 

. (SCIS) at the University of California, Berkeley appeals, to do just this. 
SCIS f*rst graders begin to carry out experiments or^, living organisms and 
physical/ materials* At flrsf-^hese experiments are ' conducted with much 
teacher guidance. However, as the students continue to perform experiments 
they gam experience &nd are gradually able to -desxgrr apd conduct these * 
experiments on their own. The SCIS first gjrade students, (with much ^guidance 
frcta the teacher anjd much peer interaction) can carry out and cfiscuss scl- * 
-entific experiments' based on their intuitive feel for evenness and fairness. 
It is likely that only through a* rich variety of such experiences 'which 

'progress frojn the intuitive to the abstract, will these intuitive feelings 
b.ecoSae explicit and powerful conceptualizations during" adolescence* 

( 

What then about the, formal operational stage in general? Does it 
exist 0 To that question we have no clear answer. However, a number of 
stadles have shown that the development of formal ideas such as propor- 
tional reasoning and the control of variables do develop roughly xii a 
parallel fashion. 22 » 52 * 33 For example Lawson 32 found correlations of % 
*40 to* .48 (p^.Ol) between the bending rods at the balance beam tasjks 
. In, samples of high school .biology , chemistry and physics students. Further 
the mean level of performance on the two casks was about identical for the 
three samples. In other words, if a student perforins at a formal-HIA 
level on the bending rods task it is likely (but by no means certain) that 
he will also perform at the formal-IIIA level on the balance beam task. The 
correlation between .the same two tasks in the sample of flftrh and seventh 
grade subjects in this study following training was predlctively less , 
(rho = Ms3 and *23 respectively). The training, in effect, increased the f 
decalage (separation) between these two^aspeets of formal reasoning. 

/ * 

The posttest performance of one student on the bending rods task was 
partlcuaH£ interesting and demonstrative of this artificial reparation. v 
He perfomed almost perfectly. He systematically and unhestltatlngly 
Isolated and proved the effect of each variable until he attempted to 
prove that the shape of the rod made a difference in the amount it would 
bend. He 4 chose two rods of different shape but of equal thickness, equal 
len-gth, same .material and hung the same amount of weight on each rod. Then \ ^ 
he checked to see which rod was bending more and couid not notice a difference, 
tfhat v&s extraordinary was that tje had only extended the rods from the block 
of wood in whlctf they were fastened about '3 cm. WJien no dlf ference-^in-^bendlng 
was observed he was unable to proceed. This a. phenomencjn that we have never 
observed in non-tfained subjects who spontaneously and unhesitatingly con- 
trolled variables (i.e., a spontaneous formal-lllB^ performance) . When dif- 
ferences in behdlng are likely to be smdll these subjects wl^l spontaneously 
puil the rods out as far as possible in order to Inagrrlfy any differences 
which may exist. The difference in bending between the square and the round 
rods varies directly with the length of the two rods. Understanding of this, 
^proportional relationship was lacking JLn this trained subject and other 
trained subjects »as evidenced by their lower performance on the b^lan'ce beam 
task. Therefore it appears thpt the training manifested Itself in one ^spectf 
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f formal thought but not in what could be, interpreted as formal reasoning 
in general. Kohlberg and DeVrles 1 3 'claim such a concept as. formal reason- 
ing in general is neaftingful because they and others have isolated a 
general Magetian cognitive-level factor distinct from psychoi^tric 
intelligence.* One' might ask then was the training of any value to the 
students? The answer we^believe is yes. It does represent a meaningful 
but limited acfvanfc^L toward an abstract quality of thought m the stuTfent. 
Inheldej ^and Mata*Lon u apparently would &gree. In a discussion of the 
Requisition of trained conservation concepts they stated, "This process 
of acquisition* >»whiCh can, of course be accelerated by training, corresponds 
to a general prpgress toward an 'operational 1 quality in the thought of the 
chiW/' (p v .«6> " m 

% It should, however, be pointed out that the aim of^effoYts such as 
tfio^p reported in this study if used otf a wide scale in classroom should 
not, be to accelerate, intellectual development as mentioned by Inhelder and 
Majalon but to avoid what might be Called "stage-retardation. 11 Aaple evidence 
exists, as mentioned previously, that this phenocr-enort of staj^-retaf dat ion is 
indeed widespread. , . 
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*The unity of formal thought has been brought inU> serious question-by a 
number of Piageton scholars. Perhaps the most notable is Professor Eric 
Lunzer.' Ir his 1973 addijessy to the Jean Piaget Society 3 * 1 * he" reviewed some 
of the pertinent literature and recent findings relevant io this issue. 
Piaget hirrself has modified' his earlier position somewhat in light of recent 
findings." ' \ 
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' Synopsis . . • 

An attempt to train concrete operational f if th "grade "students and an 
attempt to train concrete operational seventh grade students to perfprm 
at the formal operational level on tasks demanding ttve control of variables 
are reported* The training, was conducted in four individual sessions of 
approximately 30 minutes each, /The training sessions were designed to, 
represent a synthesis. of ideas concerning the mechanisms of development 
put forth by Piaget, Ausubel, Bruner, and C 4 Lawson* The training was 
successful (p<*001) and specific transfer of the grained concept was ob- 
tained for both samples. Pretest level of intellectual development was 
significantly related to success on posttest tasks of specific transfer 
(p<.10). On one post-test task designed to measure nonspecific transfer 
the trained seventh grade subjecO^gcored significantly higher (p<.05) 
than the control subjects. The effectiveness^ of the fraining suggests 
that properly designed instruction, Vhich ris based on students' intuitive 
conceptual understanding at the concrete level, can raise this intuitive 
(Understanding to the level of a*meaningf ul verbal rule which then can be* 
successfully applied in a variety of problem situations. 
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